INTRODUCTION
Parsons proposed that hydrogen ion secretion caused bicarbonate absorption in the rat jejunum, and speculated that H+ secretion is associated in part with processes of sodium absorption (1) . Studies of the perfused This work was reported in part in Gastroenterology. 1972 . 62: 764.
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human jejunum also suggest that bicarbonate absorption is initiated by an exchange of hydrogen ions for sodium ions. The hydrogen ions react with bicarbonate ions to form carbon dioxide which then diffuses from the lumen (2) . Two observations suggest that jejunal sodium absorption is influenced by luminal H+ concentration: the addition of bicarbonate to saline perfusion solutions reduces the concentration of hydrogen ions and makes it possible for sodium to be absorbed against electrochemical gradients (3) , and an increase in hydrogen ion concentration reduces the rate of sodium absorption (4) .
If hydrogen and sodium ion transport are mutually dependent, then reduction of luminal sodium concentration should reduce the rate of hydrogen ion transport and bicarbonate absorption. The following studies examine that hypothesis.
METHODS
Male Holtzman rats were fasted overnight and anesthetized by injecting pentobarbital (50 mg/kg) into the peritoneal cavity. A 25-cm segment of proximal jejunum was cannulated at each end, washed with 15 ml of warm saline, and flushed with air. A tracheostomy tube was inserted.
Pairs of solutions were perfused once through the segment with a syringe infusion pump at the rate of 0.41 ml/ min during two successive 30-min periods. The input syringe, intestine, and collection syringe attached to the distal cannula formed a closed system and minimized leakage of C02. The order of perfusion of the solutions was alternated in successive rats in all studies. Before each perfusion period, the intestinal lumen was washed with the solution to be perfused and was flushed with gas. At the end of each period, collection syringes were removed and capped, and any fluid remaining in the segment was flushed with gas and discarded. After the second period, the jejunum was removed, stripped of mesentery, and weighed.
With the exception of solutions 1 and 10 (Table I) , all solutions were gassed with a mixture of 02 and 5-6% C02 (gas) and had an initial pH of about 7.4. Polyethylene- [ P04   1  145  5  125  25  25  2  25  5  120  125  25  30  3  145  5  -125  25   -80  4  145  5  5  25  120  25  5  140  5  --130  15  -34  6  15  130  130  15  41  7  30  120  125  25  -30  8  140  5  65  80  37   9   80  65  65  80  37  10  145  5  -150  11  145  5  -130  20  -25  12  145  5  70  80  28  13  140  5  125  20  5  20  14  140  5  -125  20  -35  15  140  5  105  20  57  20 nonabsorbable marker to permit calculation of net water movement (5) . Except for the hypertonic solution, the osmolality of all perfusion solutions was similar to that of rat plasma, 303-305 mosmol/kg H20. The pH and Pco2 of the luminal fluid were determined soon after collection with a capillary pH electrode and Pco2 electrode designed for small samples (Instrumentation Laboratory, Inc., Lexington, Mass. Three different groups of six rats each were used to determine transmural electrical potential difference (PD) when the following pairs of solutions were perfused (Table  I) : Na' 145 vs. Na' 25 (solutions 1 and 2), isotonic vs.
hypertonic (solutions 1 and 3), and Na+ 145 vs. Na+ isethionate (solution 1 and 4). A group of eight rats was used to determine PD when solutions with and without bicarbonate were perfused (solutions 1 and 10). Bridges of saturated KCl in agar were used. One bridge contacted the fluid perfusing the intestinal lumen and the other was placed in the peritoneal cavity. Electrical contact with a sensitive voltmeter was made through calomel half-cells. The voltmeter was read every 3 min for 30 min and the mean of the 10 values was calculated. The studies of PD and transport were not performed concurrently.
The signs preceding the net flux measurements indicate movement into (+) or out of (-) the lumen.
The statistical significance of differences between means was determined with the t test for paired samples.
RESULTS
Study 1: effect of reduction in sodium concentration of perfusion fluid (Table II) Perfusion solutions 1 and 2 ( Study 2: effect of direction of water movement (Table III) Perfusion solutions 1 and 3 (Table I ). N = 6. When the osmolality of the perfusion we increased from 305 mosmol/kg to 350 mosmol/kg by adding mannitol, water moved into rather than out of the lumen, and the mean rate of movement of water into the lumen was greater than when the low sodium solution was perfused in study 1. However, the direction of water movement did not significantly affect the net movement of ions, the PD, Or the final Pco2 of the perfusion fluid.
Study 3: effect of transmural PD (Table IV) Perfusion solutions 1 and 4 (Table I ). N = 6. When the solution containing sodium isethionate was perfused, the luminal PD was 7.5 mV more negative than Perfusion solutions 5 and 6, 1 and 7, 8 and 9 (Table  I) . N =8 for each pair of perfusion fluids. When sodium was omitted from the perfusion fluid, sodium diffused into the lumen and raised the concentration in luminal fluid to about 10 mM whether the initial concentration of HC0s-was 15 mM (Table VA) , 25 mM (Table VB) , or 80 mM (Table VC) . Regardless of the initial HCO-concentration, HC03-absorption decreased (Tables VIII and IX) Perfusion solutions Tris study 13 and 14 (Table I) . N =8. Phosphate study 14 and 15. N = 12. As expected, when the perfusion fluid was buffered with Tris (Table VIII) or phosphate (Table IX) , the pH fell less than in the unbuffered fluid. Buffering with Tris reduced HCO3-absorption by 18%, but the reduction was not significant when phosphate was used. In both studies, however, buffering significantly reduced the A Pco2.
DISCUSSION
Our studies demonstrate that a reduction in the concentration of sodium in fluid perfusing the lumen of the rat jejunum decreases HCO3-absorption by a constant amount, and that this decrease is not caused by concurrent changes in PD or water movement. The associated changes in Pco2 of the perfusion fluid suggest that the rate of HCO3-absorption decreases because the rate of H5 secretion diminishes when the luminal Na5 concentration is reduced. The data supporting these conclusions are discussed below.
Effect of sodium, net water movement, and PD.
When luminal sodium concentration was reduced, hydrogen ions accumulated in the lumen at a reduced rate, and bicarbonate absorption diminished (Table II) . However, there were significant changes in two other factors that could have influenced the net movement of H' and HCO3-: the PD became 8.7 mV more positive in the lumen, and water moved into, rather than out of, the lumen. To estimate the influence of net water movement on transport of HCO3-, a hypertonic solution was circulated through the lumen (Table III) . Although the hypertonic solution caused a change in water movement greater than that induced by the low sodium solutions, the net movement of HCOa-was unaffected.
Hence, the net movement of water could not explain the reduction in HCO3-absorption when the luminal sodium concentration was decreased. The influence of PD was more difficult to determine because it was not possible to induce PD changes of similar polarity and magnitude without reducing the intraluminal sodium concentration. We could, however, study the effect of changes of similar magnitude but opposite polarity. When the lumen was perfused with a solution containing sodium isethionate instead of sodium chloride, the lumen became more negative by 7.5 mV (vs. 8.7 mV more positive with low sodium solution). The net movement of potassium, a cation that is transported passively, reflected these changes. Net movement of potassium into the lumen diminished when the lumen became positive (Table  II) , and increased when the lumen became negative (Table IV) . However, net movement of HCO3-did not change significantly when the lumen became more negative, so the effect on HCO03 movement was not caused by changes in water movement or PD; the low luminal sodium concentration itself must have directly affected the processes that govern HCO3-absorption.
Omitting Na' from the perfusion fluid diminished the rate of HCO3-absorption by a constant amount of about 30 Amol X (30 min)-regardless of whether the initial (Tables II and V) . Alternative explanations for changes in A Pco2. Could some other process have caused these changes in A Pco2? If HCOs-ions were transported from the lumen into tissue fluids that were more acid than those of the lumen, the Pcon of the tissue fluid would increase at a rate faster than Pco2 decreased in the lumen. The tissue C02 might then diffuse back into the lumen and increase luminal Pco2. If such a process is important, enhancement of the mucosa-to-serosa flux of HCO3-(JmsHCOs-) should increase A Pco2. Assuming that the serosa-tomucosa flux of HCO8-(JsmHCO8-) remains constant when the HCOs-concentration of the perfusion fluid is increased from 20 mM to 80 mM, an increase in HCO3-absorption must be caused by an augmented JmsHCO3,. When net HCO3-absorption increased from 78.5 to 167 /Amol X (30 min)1 X gWW-1, A Pco2 did not change significantly (Table VII ). These findings demonstrate that it is possible to increase HCO3-absorption (and JmsHCO.3) without increasing A Pco2, and suggest that luminal Pco2 is not affected significantly by reactions of HCO3-in mucosal tissue fluid. They support the view that the difference in A Pco2 seen when low Na solutions are perfused arises because of reactions in the intestinal lumen, and not because of reactions of HCOs-in cells or interstitial fluid.
The effect of intraluminal buffering provides additional evidence that C02 is generated in the lumen rather than in the surrounding tissues. Tris buffer reduced the absorption of HCO3- (Table VIII) . When H' ions moved into the luminal fluid, they could interact with either Tris or HC03-. Because fewer H' ions reacted with HCO3-in the Tris-containing solution, less C02 was generated, and less HCO3-was absorbed. Phosphate buffer had a similar effect on A Pco2, but did not decrease HCO3-absorption significantly (Table IX) 
